The disbalance between adrenergic (sympathetic) and cholinergic ( parasympathetic) cardiac inputs facilitates cardiac arrhythmias, including the lethal ones. In spite of the fact that the morphological pattern of the epicardiac ganglionated subplexuses (ENsubP) has been previously described in detail, the distribution of functionally distinct axons in human intrinsic nerves was not investigated thus far. Therefore, the aim of the present study was to quantitatively evaluate the distribution of tyrosine hydroxylase (TH)-and choline acetyltransferase (ChAT)-positive axons within intrinsic nerves at the level of the human heart hilum (HH), since they are of pivotal importance for determining proper treatment options for different arrhythmias.
INTRODUCTION
Cardiovascular diseases (CVDs) are associated with increased cardiovascular morbidity and mortality, as well as reduced quality of life. It is evident that the autonomic nervous system (ANS) modulates the electrophysiology [1] and the dynamics of the heart and plays a critical role in the regulation of heart rate [2] , rhythm [1] , atrial and ventricular refractoriness [3] , contractility [2] and coronary blood flow [4] . Clinical and experimental studies have proposed that both atrial and ventricular arrhythmias, heart failure and myocardial ischaemia are facilitated by a disbalance between sympathetic and parasympathetic nervous systems [2, 5, 6] . However, the mechanisms of sympathetic and parasympathetic tone interaction are far from being completely understood. Atrial fibrillation (AF) is a complex supraventricular arrhythmia with a combination of multiple mechanisms that requires a specific trigger and a vulnerable anatomical substrate for initiation, maintenance and recurrence [7] . A possible mechanism for the initiation of arrhythmias involves paroxysmal discharges of the ANS with special importance of ectopic foci in pulmonary [7] and caval veins and also the ligament of Marshall (LOM). These structures contain irregular sleeves or bundles of differently oriented cardiomyocytes that can be a substrate for micro-re-entry (conduction disturbances) or enable the spread of abnormal impulse (focal activity) [8] . Such sources of electrical activity became a target for different treatment techniques.
It was elucidated that the regulation of cardiac neuronal activity is achieved through the integration of extrinsic and intrinsic autonomic components; whereby the intrinsic cardiac nerves, ganglions and fat pads provide local neuronal coordination independent of extrinsic cardiac nerves and higher centres [6, 9] . Several studies have demonstrated that the intrinsic cardiac nervous system anatomically corresponds to the neural ganglionated plexus (GP) that may be considered a composite of separate subplexuses with complex interactions between them [8, [10] [11] [12] . These subplexuses are composed of afferent, efferent and interconnecting neurons, which, in addition to sympathetic and parasympathetic elements, contain a variety of neuropeptides and neuromodulators [13] [14] [15] .
Although epicardiac ganglionated subplexuses in humans have been described previously in detail [10, 11, 16] , immunohistochemical patterns of neural subplexuses have been reported only by few published articles [17, 18] . According to the latter reports, controversial results were obtained with respect to the immunohistochemical phenotype of neural supply of the LOM. The LOM is well known as an adrenergic pathway to the ventricles [19] , and predominance of cholinergic fibres in the results attained by Ulphani et al. [18] within these nerves induces sharp discrepancies between data. Knowledge of the neurochemical profiles of the distinct cardiac subplexuses would allow better treatment options as: (i) domination of cholinergic fibres in the right atrial subplexuses would explain the sinus tachycardia associated with radiofrequency ablation (RFA) procedures used for the treatment of supraventricular arrhythmias in the right superior pulmonary vein (RSPV) and right atrial regions, as a result of parasympathetic nerve damage; (ii) while the absence of cholinergic fibres in the arterial part of the heart hilum (HH) would confirm previous study results that ventricles are supplied by adrenergic nerves [20] and that cholinergic fibres reach coronary subplexuses from atriums [5] because sources of parasympathetic innervation of ventricles were not elucidated thus far. Therefore, the aim of the present study was to evaluate the quantitative distribution of tyrosine hydroxylase (TH)-and choline acetyltransferase (ChAT)-positive cardiac nerves at the level of the HH on the human heart, as they are considered important factors when determining proper treatment options for different arrhythmias and heart failure.
MATERIALS AND METHODS
To examine the immunohistochemical pattern of intrinsic cardiac nerves at the level of the human HH, the following steps were taken: (i) perfusion and fixation of the atrio-pulmonary venous complex, (ii) precise sampling of neural tissue bundles using histochemistry for acetylcholinesterase (AChE), (iii) cryoprotection and microsectioning of sampled cardiac tissues, (iv) immunohistochemistry for TH and ChAT and (v) analysis of immunolabelled nerves.
Bioethical guidelines were followed for a study permitted by the Kaunas Bioethical Committee (BE-2-62). Nine human hearts from autopsy cases without cardiac pathology were used no more than 12 h after non-cardiac disease-related death at the morgue of the Lithuanian University of Health Sciences (Kaunas, Lithuania). The hearts were derived from 4 adult female and 5 adult male subjects at ages from 22 to 76 years.
After thoracotomy, the hearts together with lungs and other mediastinal organs were removed. The hearts were flushed out with room temperature 0.01 M phosphate buffered saline (PBS) ( pH 7.4) consisting of (in mM): Na 2 HPO 4 , 8.06; NaH 2 PO 4 , 1.94 and NaCl, 137 in high-purity distillate H 2 O. The atriums along with the aorta and pulmonary trunk were gently removed following a cut just below the atrioventricular groove. Since the walls of both atria were flaccid after perfusion, fixation of the atrio-pulmonary venous complex in fine stereo-position was achieved using a special balloon-tip catheter technique that was previously described in detail by Pauza et al. [11] . The pressure-inflated hearts were placed into a chamber with room temperature PBS, where the remainders of pericardium and pulmonary veins were carefully separated from the base of the heart with microsurgical instruments in order to uncover the epicardiac neural plexus situated therein. The dissected atrio-pulmonary venous complex was fixed for 2-2.5 h at 4°C in 4% formaldehyde solution ( pH 7.4) in 0.01 M PBS, consisting of (mM): Na 2 HPO 4 , 8.06; NaH 2 PO 4 , 1.94; KCl, 2.7 and NaCl, 137 in high-purity distillate H 2 O. The formaldehyde solution was freshly prepared from paraformaldehyde. After fixation, the epicardiac ganglionated subplexuses or their proximal parts were cut off transmurally in the margins of ENsubP as previously described.
The areas with the intracardiac nerves were identified using histochemistry for AChE. The dissected tissue samples with intrinsic cardiac nerves were incubated on a rotator at 4°C in the medium ( pH 5.6) composed of (in mM): Na acetate buffer, 60; acetylthiocholine iodide (Fluka, USA), 2; Na citrate, 15; CuSO 4 , 3; K 3 Fe(CN) 6 , 0.5 and tetraisopropylpyrophosphoramide (iso-OMPA, Sigma-Aldrich, USA), 0.5, additionally supplemented by Triton X-100 up to 1%. From time to time during the incubation, the staining of the nerve structures was monitored by a stereoscopic microscope Stemi 200 CS (Zeiss, Gottingen, Germany). The tissues were incubated for a period of 2 h until neural structures could be visualized by an evident light brown stain. The areas of interest were trimmed to attain more precise samples of neural tissue bundles using a stereomicroscope Stemi 200 CS (Zeiss) in the PBS-filled chamber.
Afterwards, tissue samples were soaked at 4°C in 0.01 M PBS containing 30% sucrose (Carl Roth, Germany) for a minimum period of 36-48 h, for cryoprotection of the neural structures. Following this procedure, tissues were oriented to clearly visualize the epicardiac and endocardial surfaces and frozen on specimen plates using TBS tissue freezing medium (Triangle Biomedical Sciences, USA). Specimens were longitudinally sectioned at a thickness of 14 μm in a microtome cryostat (HM 560 Microm, Germany) at −23°C, so that the nerves could be cut perpendicularly. The frozen heart sections were collected on Super Frost Plus microscope slides (Menzel-Gläser, Braunschweig, Germany).
Slide-mounted tissue sections were processed for immunohistochemistry. Specimens were washed and permeabilized for 3 × 10 min in 0.01 M PBS, containing 0.5% Triton X-100 (SERVA, Germany). Non-specific binding was blocked by 10% normal donkey serum (Carl Roth) in PBS and 1% Triton X-100 for 2 h. After incubation, sections were washed for 3 × 10 min in 0.01 M PBS. Subsequently, sections were incubated overnight in a humid chamber on a shaker table with a combination of primary antibodies. The polyclonal rabbit anti-TH and polyclonal goat anti-ChAT antibodies were applied to label adrenergic and cholinergic nerve structures (Table 1) . Some sections were routinely processed without primary antibodies as a negative control. After 20 h of incubation, sections were washed three times for 10 min in 0.01 M PBS, and then were placed in mixture of the fluorochrome-labelled secondary antibodies for 2 h (Table 1 ). All antibodies were diluted with 0.01 M PBS. After incubation, sections were washed three times for 10 min in 0.01 M PBS, mounted with a Vectorshield Mounting Medium (Vector Laboratories, USA) and coverslipped.
The dual-labelled sections were visualized and analysed with a microscope AxioImager Z1 (Carl Zeiss, Germany) equipped with an Apotome (Carl Zeiss) and a digital monochrome camera AxioCam MRm (Carl Zeiss), and fitted with a set of filters to observe the fluorescein isothiocyanate (FITC) and cyanine (Cy3) fluorescence. The adjustments of brightness and contrast in final images were performed using the AxioVision 4.8 (Carl Zeiss) software.
The microphotographs of nerve cross-sections (nerve profiles) were taken and analysed. Very large nerves were first recorded using ×200 magnification and then parts of them using ×630 magnification. The recorded nerve profiles were evaluated by measuring the nerve area and counting the number of TH-immunoreactive (IR) and ChAT-IR nerve fibres. The rational distribution of each type of axons in studied nerves was taken along with nerve fibre density, which was extrapolated for a 100-µm 2 area. In very large nerves, TH-IR and ChAT-IR fibres were counted in each section, quantified and then the overall fibre density in the nerve section was extrapolated as well. The nerve areas, densities of TH-IR and ChAT-IR fibres and relative proportions of adrenergic and cholinergic fibres were compared between subplexuses.
STATISTICAL ANALYSIS
Data were processed using the SPSS version 13.0 package (SPSS, Inc., Chicago, IL, USA). Data are expressed as mean ± standard error of the mean (SEM); n represents the number of samples from which quantitative data were obtained. Data distribution normality was tested by the Kolmogorov-Smirnov test, and in cases of non-parametric distribution, it was logarithmed in order to get a parametric distribution. However, in few cases, the distribution remained of inequable distribution. The multigroup comparison of all groups was carried out for significance using one-way analysis of variance (ANOVA), followed by a Bonferroni post hoc test and the Kruskal-Wallis test, followed by the MannWhitney-Wilcoxon signed-rank test. The paired difference test was assessed using Student's t-test (normal distribution) or the Wilcoxon signed-rank test (when data could not assume a normal distribution). Linear regression analysis was used to quantitatively estimate the relationship between the number of fibres in the nerve and the nerve's area variables, as well as between the density of each studied type of axon and nerve area. Statistical dependence between two variables was assessed using Spearman's rank correlation coefficient, when one of the variables was of nonnormal distribution. The Pearson correlation coefficient was used, when both variables were of non-normal distribution. The multigroup comparison of all groups was tested for significance using one-way ANOVA, followed by a Bonferroni post hoc test. Differences were considered significant when P < 0.05.
RESULTS
All tissue samples were of similar size, being approximately 6.49 ± 0.77 mm thick and having a maximum length and width of 18.67 ± 2.29 and 10.06 ± 1.01 mm (n = 16), respectively; they contained multiple nerves surrounded by fat, as identified in Fig. 1 . Quantitative evaluation of AChE-stained sections from some samples revealed 20.01 ± 5.08 nerves (n = 32) per section's margin.
Immunofluorescence revealed significant regional differences in the distribution of cholinergic and adrenergic innervation in the heart (Fig. 2) . ChAT-IR fibres were evidently predominant (>56%) in nerves of dorsal (DRA) and ventral right atrial (VRA) ENsubP (Table 2 and Figs 3D and 4) . Within both left (LC) and right coronary (RC) ENsubP, the most abundant (70.9 and 83%, respectively) were TH-IR axons (Table 2 and Figs 3D and 5 ). Despite subplexal dependence, ChAT-IR fibres prevailed in comparatively thinner nerves, whereas TH-IR fibres prevailed in thicker ones ( Fig. 3A and B) .
We analysed 1261 intrinsic nerves: 390 from DRA, 145 from VRA, 90 from the ventral left atrial (VLA), 85 from the middle dorsal (MD), 313 from the left dorsal (LD), 126 from LC and 112 from RC ENsubPs ( Table 2 ). Most of the examined nerves consisted of both TH-IR and ChAT-IR fibres. The LC subplexus involved the thickest nerves (25 737 ± 4131 μm 2 ), whereas the thinnest nerves (2604 ± 213 μm 2 ) were found in the DRA subplexus (Fig. 3A) . The differences of nerve areas between all subplexuses were statistically significant (P < 0.05).
The mean density of ChAT-IR fibres was highest (6.8 ± 0.6/100 μm 2 ) in the VLA nerves and lowest (3.2 ± 0.1/100 μm 2 ) in the LD ENsubP (Fig. 3C) . The densities of ChAT-IR fibres were similar in the DRA and the VRA subplexuses as well as in the LD and the RC ENsubP. The differences were statistically significant (P < 0.05). To our surprise, some thin DRA and VRA subplexal epicardiac nerves (4.87% of all examined nerves) were composed of ChAT-IR fibres only (Fig. 4C ).
An abundance of TH-positive nerve fibres was found in the nerves of both the coronary subplexuses compared with the right atrial ( Figs 3B and 5) . The mean density of TH-IR fibres was highest (15.9 ± 2.1/100 μm 2 ) in the LC subplexal nerves and lowest (4.4 ± 0.3/100 μm 2 ) in the VRA ENsubP nerves (Fig. 3C) . The differences in the mean density of TH-IR fibres were statistically significant between all subplexuses (P < 0.05).
Strong correlations (r > 0.7) between the number of the TH-IR fibres and the nerve area as well as between the number of ChAT-IR fibres and the nerve area were identified in all subplexuses (except in RC subplexus, the correlation for the number of ChAT-IR fibres was moderate). Moreover, correlations between the densities of the TH-IR fibres and the nerve area as well as between the densities of ChAT-IR fibres and the nerve area were assessed in all ENsubPs. Moderate (0.3 < r < 0.7) and negative correlations were found between the densities of ChAT-IR fibres and the nerve area in all ENsubPs (excepting VLA and RC subplexuses for ChAT-IR where these correlations were strong) and between the densities of the TH-IR fibres and the nerve area in VLA and LC subplexuses. Nonetheless, correlations between the densities of the TH-IR fibres and the nerve area were found negative and weak (r < 0.3) in DRA, MD, LD and RC, whereas they were negative and moderate in VRA, VLA and LC subplexal nerves. All correlations were statistically significant (P < 0.05), and data are summarized in Table 2 . 
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DISCUSSION
This is the first quantitative evaluation of the distribution of TH-and ChAT-positive fibres within intrinsic nerves at the level of the human HH. The present study also demonstrates an original way of tissue sampling for immunohistochemistry after nerve visualization. Our results determined the different distribution patterns of TH-IR (adrenergic) and ChAT-IR (cholinergic) fibres in examined intrinsic nerves. We observed a predominance of adrenergic fibres in both coronary subplexal nerves supplying mostly the ventricles and coronary arteries [11, 21] , whereas cholinergic axons were more abundantly localized in the right atrial subplexal nerves proceeding to the right atrium, including the human sinuatrial node [11, 21] (Fig. 2) . Kawashima [21] showed in human cadavers that extrinsic cardiac nerves predominantly originate from the bilateral recurrent laryngeal nerves as well as cervical and thoracic ganglia of the sympathetic chain. Furthermore, the recent review by Gelsomino et al. [8] described precisely the anatomical structures of the heart in relevance for cardiac surgeons performing minimally invasive AF surgery (MIAFS), which requires intimate knowledge of the left atrium, pulmonary and thoracic veins as well as the autonomic ganglia. From a number of neuroanatomically investigated mammalian models, it is known that mediastinal nerves enter the heart through discrete sites between or at the veins and arteries. This part of the heart where the parietal pericardium around the roots of great vessels and pulmonary veins reflects onto the epicardium is named the HH [22] . Studies concluded that extracardiac nerves, on their way to final sites of innervation, take separate pathways and extend into distinct regions of the epicardium, containing fields of epicardiac ganglia [10] [11] [12] . It was histochemically shown in hearts in toto of both adult and young individuals that the human epicardiac neural GP is composed of seven subplexuses: (i) DRA, (ii) VRA, (iii) VLA, (iv) MD, (v) LD and (vi) left (LC) and (vii) right (RC) coronary subplexuses [11] .
According to Pauza et al. [11] , extrinsic right vagosympathetic cardiac nerves entering the HH in the region between the superior vena cava (SVC) and RSPV extend as the DRA subplexus. The extracardial nerves passing the HH at the superior interatrial groove, near the ventral surface of the root of the SVC, extend mostly to the ventral surface of the right atrium as the VRA subplexus. The VLA subplexus is the smallest of all subplexuses, and it supplies the ventral superior left atrial region. Although it was shown that the MD subplexus is widely supplied between all four pulmonary veins, preganglionic nerves are short and they pass very close to the line of the HH; nerves of this subplexus distribute to the dorsal left atrial surface and spread onto the dorsal surface of both ventricles. Extrinsic vagosympathetic cardiac nerves entering the HH at the LD subplexus, known as the LOM, proceed from the anterior portion of the left superior pulmonary vein towards the left atrial appendage continuing into the lateral and posterior surface of the left atrium. It is likely that coronary epicardiac subplexuses are supplied by the bilateral extracardiac nerves entering the arterial part of the HH between the roots of the pulmonary trunk and the aorta, after which they proceed as the LC and RC subplexuses.
Our study demonstrates an abundance of adrenergic fibres in the LD subplexal nerves (Fig. 3B) originating from the left-sided thoracic sympathetic and the stelatum ganglia and from a thin branch of the left laryngeal recurrent nerve [12, 21] . These results revealing a high density of adrenergic fibres within the left atrium concur with the study results of Makino et al. [19] and Tan et al. [17] ; however, they contradict a recent report of predominance of Data distribution is non-normal (determined using the Kolmogorov-Smirnov test). b The paired difference test was assessed using Student's t-test (normal distribution) or Wilcoxon signed-rank test (when data could not be assumed to normal distribution).
c Statistical dependence between two variables was assessed using Spearman's rank correlation coefficient when one of variables was of non-normal distribution. The Pearson correlation coefficient was used when both of variables were of non-normal distribution. d The χ 2 values of Kruskal-Wallis test was used for the multigroup comparison of all the groups for testing for significance. *P < 0.001. **P < 0.005. [18] . We found that the density of ChAT-IR fibres increases as the nerves get thinner, which can be explained by an increasing number of postganglionic fibres after nerves pass the intracardiac ganglia. It is known that the majority of the LD intracardiac ganglia usually scatter near the coronary sinus, more distantly from our examined zone, but some single ganglia can be set along all LOM [11, 12] . Ulphani et al. [18] demonstrated that thin nerves were cholinergic; however, we believe that they were taken more distally than our location, near the coronary sinus.
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We observed that the thickest nerves contained an abundance of adrenergic fibres in both the LC and RC epicardiac subplexuses (Fig. 3) , which are equally supplied by the right and left vagosympathetic nerve branches [12, 21] . Our results show that LC subplexal nerves are very thick compared with the RC and LD subplexal nerves, especially compared with the right atrial intrinsic nerves (Fig. 3A) . Adrenergic fibres in the LC ENsubP proximal part were distributed even more densely than in the RC subplexal nerves (Fig. 3B) . The correlation between nerve thickness and the density of TH-IR fibres confirms the hypothesis that the thicker the nerve is, the more adrenergic fibres it has within. It is interesting to note that despite the bilateral vagal inputs to the LC subplexus, these nerves contain predominantly adrenergic fibres (Fig. 5) , whereas the LD subplexus and other left atrial subplexuses are supplied only from the left recurrent laryngeal nerve and consist of both adrenergic and cholinergic fibres (Fig. 6) . We believe that this is due to equal, bilateral but sparse vagal innervation of the LC subplexus. Moreover, as the parasympathetic fibres were mainly observed in the atrial myocardium and less abundantly in the ventricular myocardium, it was suggested that cholinergic fibres reach coronary subplexuses from atriums by crossing the atrioventricular groove [5] .
We found that the DRA and VLA subplexal nerves were comparatively thinner and contained predominantly ChAT-IR fibres (Figs 3 and 4) . The VRA ENsubP nerves with respect to thinness and cholinergic axon domination were similar to later intrinsic nerves (Fig. 3) . The right atrial epicardiac subplexal nerves originate exceptionally from the right cervicothoracic sympathetic ganglia and from the right laryngeal recurrent nerve [12, 21] . Our results reveal that some thin nerves contained only cholinergic fibres. In the DRA and VRA ENsubPs, some nerves of the same Figure 3 : Histograms illustrating the distribution of nerve area of examined subplexuses (A), the number of ChAT-IR and TH-IR fibres in nerves of different subplexuses (B), the density of ChAT-IR and TH-IR fibres in nerves of investigated subplexuses (C) and the ratio of ChAT-IR and TH-IR fibres in intrinsic nerves of all subplexuses (D). The thickest nerves (biggest nerve area) were observed in the LC subplexus and the thinnest nerves (smallest nerve area) in the DRA subplexus. Note the highest density of TH-IR fibres observed in LC subplexal nerves and ChAT-IR fibres in VLA subplexal nerves. The differences in nerve thickness, the number and density of both types of fibres between all examined subplexuses were statistically significant (P < 0.05); however, paired sample differences were significant in subplexuses that are labelled *.
thickness as in the LD subplexus consisted of cholinergic fibres, a notable exception to the correlation between thickness and adrenergic fibre composition, seen in all other subplexuses. The density of TH-IR fibres was the lowest in the right atrial nerves compared with the left atrial nerves, and an even more distinct difference was determined in both coronary subplexal nerves (Figs 2 and 3) . Moreover, we observed a different pattern of distribution of TH-IR and ChAT-IR fibres in the examined nerves. In some DRA and VRA subplexal nerves, fibres were collected into apparent bundles, whereas the nerves of the LD and the LC subplexuses were composed of evenly dispersed fibres (Figs 4-6) .
It is now well established that many other neurotransmitters are found in autonomic nerves. Hoover et al. [13] provided clear evidence that the human right atrial GP completely coincided with the DRA subplexus and has a complex neurochemical anatomy. However, observations of the neurochemical complexity of the human heart are limited to the DRA subplexus, and a complete neurochemical phenotype of the human left atrial and coronary subplexal nerves has not been within the scope of any investigation so far.
In conclusion, the human epicardiac nerves of both the left atrial and the coronary subplexuses are similar in predominance of TH-IR fibres and region of innervation. The adrenergic fibres predominantly spread to the posterior surface of the left ventricle by the LD subplexus, while the anterior surface of the left ventricle is supplied by adrenergic fibres predominantly carried by the LC and RC subplexuses [11] . With respect to the predominant sympathetic innervation of the LOM, our results are completely consistent with those of recent experimental studies confirming the highly specific 
V. Petraitiene et al. / European Journal of Cardio-Thoracic Surgeryarrhythmogenic potential of left-sided cardiac sympathetic nerves [3] and supporting the 'triggering role' of the left sympathetic nerves extending along the LOM to the ventricles [17, 23] . Cholinergic fibres predominantly access the right atrium, including the sinuatrial nodal region by the DRA and VRA subplexus [11] . There is clear evidence that the DRA subplexus can also affect a broader region of atrial myocardium beyond the sinus node, including the posterior right ventricular wall seen in studies of canine hearts [24] . Previous functional studies of both the canine and human DRA subplexuses established that it has a major role in the regulation of heart rate and may serve as an integration centre for inputs from other GPs [13, 24] .
In recent years, dozens of studies were published confirming that an autonomic imbalance with the activation of sympathetic nervous system or the reduction of vagal activity or both are responsible for the number of CVD cases. It was suggested that the sympathoinhibition with beta-blockers, exercise training and/or surgical techniques are beneficial as treatment options. Furthermore, it has been demonstrated that vagal stimulation provides indirect protection against ventricular fibrillation by reducing excess heart rates and is able to reverse ventricular remodelling of the failing heart; however, profound bradycardia and hypotension may occur [6] . Moreover, MIAFS has become increasingly used as an advantageous treatment procedure and an alternative to RFA or other traditional surgical techniques; the limitation of RFA is its short-term effect on AF management because of evident re-innervation in as little as 4 weeks following ablation procedures [8] . The gold standard for determining where neural structures are located and the density of sympathetic and/ or parasympathetic innervation would be anatomic-pathological studies; however, they have not been strictly correlated with other most commonly used methods-nuclear imaging of sympathetic innervation, high-frequency stimulation or complex fractioned electrograms. A major practical implication of our study is that the detailed neurophenotype of intrinsic nerves at the level of the human HH would facilitate further functional neurocardiological experiments and pharmacological or targeted electrical therapeutic approaches on the basis of the selective inhibition or stimulation of specific neural structures in the heart. A clinically useful mapping of autonomic innervation that corresponds to electrophysiological mapping of the heart is still in demand.
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